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TITLE: A TRANSCEIVER 



FIELD OF THE INVENTION 

The present invention relates to a transceiver. 

The invention has been developed primarily for the field of Radio Frequency 
Identification (RFED) and will be described hereinafter with reference to that application. 
It will be appreciated, however that the invention is also applicable to other fields. More 
particularly, the invention is applicable to receiving and transmitting data to and from a 
transponder using a single antenna, where the transmission may occur at any number of 
distinct frequencies. The invention has particular merit when applied to passive 
transponders. That is, transponders which derive their operating power from the 
received excitation or interrogation signal. 
BACKGROUND OF THE INVENTION 

In prior art systems passive RFED transponders have included a receiving antenna 
and a transmitting antenna. The need for separate antermae adds to the cost and 
complexity of the transponder. To address this limitation a number of single antenna 
transponders have been developed. That is, the transponder's antenna is used to both 
receive signals and transmit signals. Generally, these antennae are tuned to the received 
or interrogating frequency and, as such, the transmitted frequency can not differ greatly 
from the received frequency otherwise the antennae will not broadcast the transmitted 
signal efficiently. To transmit data at a high speed a low efSciency low Q antenna is 
required, however, to receive signals with high efBciency a high Q antenna is required. 
This contradiction precludes the use of a high efiBciency antenna for high speed data 
transmission. The transmission efficiency of all these systems is degraded by this tuning 
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arrangement and otherwise compromised by the stray capacitance of the antenna coil. 
Additionally, in passive transponders the electrical inertia of the power storage system 
limits the data rate. Examples of such known systems are disclosed in AU 55902/86, US 
4,546,241, US 4,517,563, US 4,075,632, US 4,038,653, US 3,832,530 and US 3,299,424 
DISCLOSURE OF THE INVENTION 

It is an object of the present invention, at least in the preferred embodiments, to 
overcome or substantially ameliorate one or more of the deficiencies of the prior art or at 
least to provide a useful altemative. 

According to one aspect of the invention there is provided a transceiver 
including: 

an antenna for receiving a first signal and transmitting a second signal; 
signal processor means for receiving fijom the antenna a third signal indicative of 
the first signal; and 

modulator means disposed between the antenna and the signal processor means 
for providing a fourth signal to the antenna for forming the second signal, the modulator 
means varying the impedance between the antenna and the signal processor means for 
providing the antenna with a dual Q factor, the Q factor being high for the first signal 
and low for the second signal. 

It will be appreciated that the terms 'Tiigh" and "low", when used in conjunction 
with a Q factor, should be construed in a sense relative to each other and not necessarily 
to an absolute range of possible Q factors. 

According to a second aspect of the invention there is provided a method for 
operating a transceiver including the steps of: 
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providing an antenna for receiving a first signal and transmitting a second signal; 

providing signal processor means for receiving from the antenna a third signal 
indicative of the first signal; 

providing a fourth signal to the antenna for forming the second signal; and 

varying the impedance between the antenna and signal processor means for 
providing the antenna with a dual Q factor, the Q factor being high for the first signal 
and low for the second signal. 

Preferably, the transceiver is a transponder and the first and second signals are 
modulated at a first fi*equency and a second frequency respectively, wherein the first and 
second fi-equencies are different More preferably, the transponder is passive and the 
signal processor means includes processing circuitry and power storage means, wherein 
some of the power provided by the third signal is stored in the power storage means for 
subsequently powering the transponder. 

Preferably also, the modulator means varies the impedance between the antenna 
and the signal processor means between a high and a low value to effect a high and a low 
Q factor for signals respectively received by and transmitted from the antenna. Even 
more preferably, the impedance is varied between the high and the low value at a rate 
greater than the DC slew rate for the third signal. Most preferably, the impedance is a 
resistance. 

In a preferred fomi the antenna is a coil which is tuned by a capacitor. More 
preferably, to generate the second signal the voltage across the antenna is modulated or 
varied in a predetermined manner. This variation in antenna voltage corresponds to a 
proportional variation in the antenna coil current. That is, d(I)=d(V)wL. Even more 



wo 99/39450 PCT/AU99/00059 

-4- 

preferably, the modulator means varies a low impedance which is disposed in series 
between the antenna and the signal processor means to cause a variation in the voltage 
across the antenna. More preferably again, the low impedance is less than 10% of the 
total load impedance seen by the antenna. 

In some preferred embodiments the series resistance is modulated with an RF 
sub-carrier and data is modulated onto the sub-carrier for transmission, hi these 
embodiments the variation or modulation of this series resistance causes rapid changes in 
the antenna voltage and, hence, to the antenna current, which are not limited by the 
antenna Q factor or by the storage means. Moreover, the antenna simultaneously has a 
high Q factor to receive power and a low Q factor to transmit data. 

hi a preferred form the transceiver allows the transmission rate of data to be 
decoupled from both the Q factor of the antenna and the capacity of the DC storage 



means. 



According to a third aspect of the invention there is provided a passive 
transponder including: 

an antenna for receiving and transmitting a &st signal and a second signal 
respectively; 

signal processor means for: receiving a third signal from the antenna which is 
derived from the first signal; and providing a fourth signal derived from the third signal; 

power storage means in parallel with the signal processor means for absorbing 
some of the power of the third signal, the absorbed power being subsequently used by 
the transponder; 

modulator means disposed between the antenna and the power storage means for 
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selectively varying the impedance therebetween to generate the second signal; and 

a mixer for producing a fifth signal by combining the fourth signal with a sub- 
carrier, the fifth signal being provided to the modulator means. 

Preferably, the modulator means varies the impedance in accordance with the 
fifth signal. More preferably, the impedance is a resistance. 

In a preferred form the power storage means includes a capacitor. 

According to a fourth aspect of the invention there is provided an antenna for 
receiving and transmitting a first signal and a second signal respectively, the antenna 
including: 

a tuned coil in which the first signal generates a first current and which supports 
a second current for generating said second signal; and 

modulator means through which said first and second currents flow for providing 
said coil with a dual Q factor, the Q factor being high for the first current and low for the 
second current. 

Preferably, the first current or a signal derived firom the first current is provided 
to a signal processing means. More preferably, the modulator means varies the 
impedance between the coil and the processing means. Even more preferably, the 
impedance is a resistance which is switched between a predetemiined value and zero 
resistance. 

According to a fifth aspect of the invention there is provided a transceiver 
including: ' 

an antenna for receiving a first signal and transmitting a second signal; 

signal processor means for receiving from the antenna a third signal indicative of 
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the first signal; and 

modulator means disposed between the antenna and the signal processor means 
for providing a fourth signal to the antenna for forming the second signal, the modulator 
means varying the voltage across the antenna in a substantially stepwise manner to affect 
a variation in the current flowing through the antenna between a low and a high value for 
allowing transmission of the second signal without substantially affecting the receiving 
efficiency of the antenna. 

According to a sixth aspect of the invention there is provided a method for 
operating a transceiver including the steps of: 

providing an antenna for receiving a first signal and transmitting a second signal; 
providing signal processor means for receiving from the antenna a third signal 
indicative of the first signal; 

providing a fourth signal to the antenna for forming the second signal; and 
varying the voltage across the antenna in a substantially stepwise manner to 
affect a variation in the current flowdng through the antenna between a low and a high 
value for allovvdng transmission of the second signal vvdthout substantially effecting the 
receiving efficiency of the antenna. 

Preferably, the first signal includes a carrier signal and the variation of the 
current between the low and the high value occurs within less than or about one period 
of the carrier signal. 

According to a seventh aspect of the invention there is provided a transceiver 
including: 

an antenna for receiving a first signal having a first predetemiined fi-equency and. 
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in response thereto, generating a second signal; 

receiving circuitry being responsive to the second signal; 

tuning circuitry for providing the antenna with a resonant frequency at or about 
the first predetermined frequency; and 

a modulator disposed between the antenna and the tuning circuitry for varying 
the impedance therebetween such that the second signal generates a third signal in the 
antenna at a second predetermined frequency and the antenna transmits a fourth signal 
derived from the third signal. 

Preferably, the first and second predetermined frequencies are substantially 
different. 

Preferably also, the antenna includes a coil and the tuning circuit includes a 
capacitor connected in parallel with the coil. More preferably, the antenna consists of a 
coil and the tuning circuit consists of a capacitor. Even more preferably, the modulator 
is connected in series with the capacitor. ' 

In a preferred form, the receiving circuitry, in response to the second signal, 
actuates the modulator to provide the third signal. More preferably, the third signal is 
modulated in accordance with a data signal specific to that transceiver. Even more 
preferably, the data signal is stored in the receiving circuitry and selectively provided to 
the modulator. 

Preferably, the second signal is the current generated in the antenna by the first 
signal. In other embodiments, however, the second signal is the voltage induced across 
the tuning circuitry by the first signal. 

According to an eighth aspect of the invention there is provided arttmed^^^aa 
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including: 

a coil for receiving a first signal having a first predetermined fi-equency; 

a capacitor connected in parallel with the coil for providing the antenna with a 
resonant fi-equency at or about the first predetermined fi-equency; and 

a modulator disposed in series with the capacitor for providing a varying 
impedance such that the second signal generates a third signal in the coil at a second 
predetermined firequency whereby the coil transmits a fourth signal derived fi-om the 
third signal. 

According to a ninth aspect of the invention there is providedk method for 
receiving and transmitting a first signal and a fourth signal respectively to and from a 
transceiver, the method including the steps of: 

receiving the first signal with an antenna and, in response thereto, generating a 
second signal, the first signal having a first predetermined frequency; 

providing the second signal to receiving circuitry; 

tuning the antenna with tuning circuitry to have a resonant frequency at or about 
the first predetermined frequency; and 

varying the impedance between the antenna and the tuning circuitry such that the 
second signal generates a third signal in the antenna at a second predetermined frequency 
and the antenna transmits a fourth signal derived from the third signal. 

According to another aspect of the invention there is provided a method for 
receiving and transmitting a first signal and a fourth signal respectively, the method 
including the steps of: 

receiving the first signal with a coil having a first predetermined firequency; 
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connecting a capacitor in parallel with the coil for providing the antenna with a 
resonant frequency at or about the first predetermined frequency; 
generating a second signal from the first signal; and 

disposing a modulator in series with the capacitor for both providing a varying 
impedance such that the second signal generates a third signal in the coil at a second 
predetermined frequency whereby the coil transmits the fourth signal which is derived 
from the third signal. 

Preferably, the antenna is a coil tuned by a capacitor. As will be appreciated by 
those skilled in the art &om the teaching herem, to transmit a signal from this type of 
single antenna transceiver (also known as a transponder) the cment flowing in the coil is 
modulated or varied in some predetermined manner. Most preferably, this is achieved 
by the use of a small variable resistance in series between the antenna and the tuning 
capacitor to cause a variation in the current generated by the coil. In some preferred 
embodiments the small series resistance is modulated with an RF carrier and data is 
modulated onto the carrier for transmission by the antenna. Varying or modulatmg the 
value of this small resistance causes rapid changes in the current flowing in the coil that 
are not lunited by the antenna tuning. Accordingly, the mvention, in these embodiments, 
allows simultaneous reception at the first predetermined frequency and transmission at a 
second predetermined frequency different from the first. 

Other embodiments of the invention allow transmission of data from the 
transceiver or transponder at more than two distinct frequencies using a single tuned 
antenna. These embodiments have particular merit when applied to passive RFID 
transponders such as those used in a baggage handling system at airports, bus terminals. 



wo 99/39450 PCT/AU99/00059 

- 10- 

train stations and the like, and for parcel handling and courier applications. 

The preferred embodiments of the invention overcome the prior art limitation of 
the transmission frequency having to be similar to the receive frequency, as they allow 
the transmission frequency to be completely decoupled from the timed receiving 
frequency of the antenna. This, in turn, enables the transmission of higher or lower 
frequency signals from transponders with antemias tuned either lower or higher 
respectively than the transmission frequency. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now be described, by way of 
example only, with reference to the accompanying drawings in which: 

Figure 1 is a schematic circuit diagram of a prior art transceiver or transponder 

circuit; 

Figure 2 is a schematic representation of an AC electrical model for a tuned coil; 

Figure 3 is a schematic representation of the electrical model for the prior art 
transponder circuit of Figure 1; 

Figures 4(a) to 4(d) show the two mechanisms, with their associated waveforms, 
that limit the transient response of the prior art passive transponder antenna circxiits; 

Figures 5(a) and 5(b) are schematic representations of two embodiments of the 
invention where the modulator means includes a modulated resistance in the AC and DC 
part of the antenna circuit respectively; 

Figures 6(a) and 6(b) are schematic representations of electrical models for the 
invention when the modulator switch SWl is closed; 

Figures 7(a) and 7(b) are schematic representations of electrical models for the 
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invention when the modulator switch SWl is open; 

Figures 8(a) and 8(b) are schematic representations of two other embodiments of 
the invention where the series resistance is modulated by an RF sub-carrier in the AC 
and DC part of the antenna circuit respectively; 

Figures 9(a) and 9(b) are schematic representations of two additional 
embodiments of the invention where the sub-carrier is modulated with data in the AC 
and DC part of the circuit respectively; 

Figure 10(a) is a graph which illustrates the switch function utilised by the 
invention; 

Figure 10(b) is a graph of the anteima voltage; 

Figure 10(c) is a graphical illustration of the frequency spectrum of the sub- 
carrier; 

Figure 10(d) is a graphical illustration of the frequency spectrum of the sub- 
carrier side bands; 

Figure 10(e), (f) and (g) are respective graphical illustrations of the frequency 
spectrum associated with the data modulated onto the sub-carrier; 

Figures 1 1(a) and 1 1(b) are schematic representations of two other embodiments 
of the invention where the antenna is an tmtuned coil and the series resistance is 
modulated by an RF sub-carrier in the AC and DC part of the antenna circuit 
respectively; 

Figures 12(a) to 12(d) are schematic representations of four altemative 
arrangements for modulating the series resistance; 

Figures 13(a), 13(b) and 14 are schematic representations of the transceiver 



wo 99/39450 PCT/AU99/00059 

- 12- 

according to the invention shown in terms of the Compensation Theorem; 

Figures 15(a) and 1 5(b) respectively illustrate schematically two 
altemative embodiments of a transceiver according to the invention; 

Figure 16 is a schematic circuit diagram of a tuned antenna according to a 
preferred embodiment of the invention; 

Figures 17(a) and 17(b) are electrical models of the antenna of Figure 16 at the 
tuned frequency and at a higher radio frequency respectively; 

Figures 18(a), 18(b), 18(c) and 18(d) illustrate various exemplary wavefomis for 
the circuit of Figure 16; 

Figures 19(a), 19(b), 19(c), and 19(d) illustrate frequency spectra associated with 
the waveforms of Figures 18(a) to 18(d); 

Figures 20(a), 20(b), 20(c) and 20(d) illustrate various altemative impedance 
modulating arrangements; 

Figure 21 is a schematic circuit diagram of another preferred embodiment of a 
transceiver according to the invention; 

Figure 22 is a schematic representation of a baggage item with a RFID 
transponder label embodying the invention; 

Figure 23 is an enlarged schematic representation of the label shown in Figure 
22, in the unfolded configuration; 

Figure 24 is a further enlarged schematic representation of the label of Figure 22 
which illustrates more particularly the coil, the tuning capacitor and the receiving 
circuitry; and 

Figure 25 is a still fiirther enlarged schematic representation of the label of 
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Figure 22 which illustrates more particularly the receiving circuitry and the tuning 
capacitor, 

PREFERRED EMBODIMENTS OF THE INVENTION 

In the following explanation of the invention there is description using both the 
time and frequency domain methods. It will be appreciated by those skilled in the art 
that the time domain methods provide information on the transient behaviour of the 
invention while the frequency domain methods are used to interpret the AC electrical 
behaviour. It will also be appreciated that the terms "transponder" and 'transceiver'* are 
used interchangeably. 

RFID transponders that incorporate a single anteima may be interrogated with an 
interrogating or exciting field. This field is received by the transponder's antenna and 
the voltage induced on the anteima may be rectified and used to power the transponder. 
It is necessary that the transponder be able to transmit messages back to its interrogator. 
For single anteima transponders the transmitted signal must be radiated off the same 
antenna that is used to receive the interrogating signal. 

In prior art systems a resistance is provided in parallel with the antenna and is 
modulated to change the current produced by the antenna. By way of example. Figure 1 
illustrates a prior art system where the antenna coil L is tuned by capacitor C and a 
resistance R^moduiator) is switched in parallel with the coil. A rectifier (either a half or a 
full wave rectifier is used) converts the AC voltage to a DC voltage which is stored on a 
DC storage capacitor C^^. The transponder circuit load is represented by the load resistor 
R<chip)- 

Figure 2 shows an AC electrical model for the prior art tuned coiL The transient 
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response of the coil is determined by the total Q factor and: 

1/Qt=l/Qc+1/Qi (1) 
where is the tuning capacitor Q factor Q, = wRC and Q; is the coil Q factor given by 
wL/r^c. The resistance R is the equivalent parallel AC resistance of R^j^^m^j^j.^ and R(chip), 

is the series AC resistance of the coil and w is the angular frequency in radians. The 
time constant T^, for the sinusoidal transient response of this circuit to either sinusoidal 
excitation or a component parametric change is given by: 

Ts =2Q/w. (2) 
The bandwidth (BW) of the tuned circuit is: 

BW = I/T3.PI = w/Q,.2.PI. (3) 
Such a tuned circuit is only able to pass signals within its bandwidth. 

Figure 3 shows the electrical model for the prior art circuit of Figure 1. The 
effective load of the signal processor circuitry on the antenna circuit is schematically 
shown by R(chip) and the modulation resistance is R(modulator). The antenna coil 
current la is given by: 

Ia=2.Vo.(wC).Rt 

where Vo is the antenna terminal voltage, Rt is the total parallel resistance of 
R(modulator) and the effective AC load presented by R(chip). The DC load R(chip) 
presents an effective AC load of R(chip)/2. 

The rate of change of current in the antemia is limited by two factors. First, the 
Q factor of the antenna limits the transient response time constant Ts. Second, the size 
of the transponder's DC power storage means (the DC storage capacitor). Any change in 
the antenna current will be matched by a commensurate change in the antenna voltage. 
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which will eventually lead to a change in the DC voltage on the DC storage capacitor. 
As this represents a change in the energy stored in the DC system a finite time will be 
required for the antenna circuit to supply the change in energy. 

Figures 4(a) to 4(d) schematically and graphically illustrate the two limiting 
mechanisms referred to above. In particular, Figures 4(a) and 4(b) show the antenna 
circuit with a resistive load, and the associated waveforms, respectively. In this 
configuration the Q factor of the antenna limits the transient response. Figure 4(c) and 
4(d) show the antenna circuit with a large capacitive load, and its associated waveforms, 
respectively. In this latter configuration the antenna circuit is connected, via a rectifier, 
to a DC storage capacitor Cdc and parallel resistive load, where the transient response is 
Umited by the size of the DC storage capacitor and the charging current available from 
the antenna. The DC cmrent supphed to the load li is given by: 

li =Vdc/R(chip) (5) 
Therefore a change of d(Vdc) in the capacitor voltage will take a time eqxial to or longer 
than: 

Tdc=d(Vdc).R(chip).CdcA^dc (6) 
where Vdc is the DC output voltage. Particularly reference is made to Figure 4(d) which 
illustrates the quantity Tdc. 

The preferred embodiments of the invention described below have been 
developed in answer to these abovementioned limitations. More particularly, illustrated 
schematically in Figures 5(a), 5(b), 15(a) and 15(b) are four preferred embodiments of 
the invention where corresponding features are represented with corresponding reference 
numerals or descriptors. In Figure 5(a) a modulated series resistor, in the foim of 
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resistor R(modulator) and parallel switch SWl, is placed between the antenna and the 
storage capacitor in the AC part of the circuit. In Figure 5(b) a modulated series resistor, 
again in the form of resistor R(modulator) and parallel switch SWl, is placed between 
the antenna and the storage capacitor in the DC part of the circuit. Both circuits produce 
5 the same transmitted signal, although in practice the circuit shown in Figure 5(b) is 
simpler to implement due to its DC operating bias. In Figure 15(a) and 15(b) a 
modulated series resistor is placed between the antenna and the antenna's tuning 
c^acitor. 

Swdtch SWl schematically represents a modulation means that varies the 
1 0 impedance of series resistor R(modulator). For simpUcity a switch is shown although 
other means of achieving a controlled variable impedance are used in other 
embodiments. The switch is modulated with a data signal that can be either a baseband 
signal or a high frequency sub-carrier with data modulated on to the sub-carrier for 
transmission. Typically for the embodiments shown in Figures 5(a) and 5(b) the sub- 
15 carrier frequency is in the range from 1% to 50% of the excitation frequency, where as 
for the embodiments shown in Figures 15(a) and 15(b) the sub-carrier frequency range is 
from a few hertz to thousands of times the excitation frequency. Additionally, the 
preferred method of modulating the sub-carrier is Phase Reverse Keying (PRK). 

In the preferred embodiments of the invention the envelope of the voltage across 
20 the antenna follows the openings and closures of switch SWl . For the embodiments 

shown in Figures 5(a) and 5(b) when the switch is closed the antenna voltage is clamped 
to the DC storage capacitor voltage through the low impedance of the rectifier. 

Figures 6(a) and 6(b) show electrical models for the invention when the 
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modulator switch SWl is closed. In these circumstances the series impedance of the 
switch is reduced to a minimum (nominally zero). Figure 6(a) shows the antenna circuit 
with the rectifiers and the DC circuit. The residual series impedance between the 
antenna and the storage capacitor is that of the dynamic impedance of the rectifier. 
Accordingly, the following holds: 

R(diode>-d(Vdiode)/d(Idiode) (7) 
In this state the DC storage c^acitor can be represented by a low impedance 
voltage source which provides a DC voltage of Vdc. The chip load is represented by 
R(chip). The average current from the DC storage capacitor must be zero for steady 
state operation and hence the average current flow in the representative voltage source is 
zero. Figure 6(b) shows the equivalent AC circuit model, where the DC storage 
impedance acts as an AC short circuit and the load impedance seen by the antenna is 
only the dynamic impedance of the rectifier. Since the AC impedance of the DC storage 
capacitor is very small it behaves as a short circuit in the AC circuit and as a low 
impedance voltage source for the DC circuit- 
When switch SWl is open, current pulses &om the rectifier and charges the DC 
capacitor through R(modulator). Accordingly, an instantaneous voltage V(modulator,t) 
is produced, where: 

V(modulator,t)=R(modulator).I(diode,t) (8) 
It will be appreciated that I(diode,t) is the instantaneous rectifier current. 

The peak anteima voltage is therefore fixed at the sum of the DC capacitor 
voltage and V(modulator,t) through the rectifier. 

Figures 7(a) and 7(b) show electrical models for the invention when the 
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modulator switch SWl is open. In this configuration the series modulator impedance, as 
seen by the antenna, is increased to a maximum, nominally R(modulator). Figure 7(a) 
shows the antenna circuit with rectifiers and the DC circuit. The series impedance 
between the antenna and the storage capacitor is that of the dynamic impedance of the 
rectifier R(diode) and the modulation resistance R(modulator), where: 

R(diode)=d(Vdiode)/d(Idiode) (9) 
The DC storage capacitor can be represented by a low impedance voltage source 
with the DC voltage Vdc across it and the chip load is represented by R(chip). The 
average current firom the DC storage capacitor must be zero for steady state operation 
and hence the average current flow in the representative voltage source is zero. Figure 
7(b) shows the equivalent AC circuit model where the load impedance seen by the chip 
is the sum of the dynamic impedance of the rectifier and the modulation resistance 
R(modulator). Since the AC impedance of the DC storage capacitor is very small it is 
modelled as an AC short circuit. 

At the operating fi-equency of the transponder the DC storage capacitor presents a 
low impedance to effectively decouple the DC rail. In effect, the capacitor presents a 
short circuit to the AC signals. Positioning R(modulator) between the antenna and the 
DC storage capacitor means that the antenna "looks" through this small resistance into 
the capacitor short circuit. Consequently, the effective AC load on the antenna is only 
the sum of R(moduIator) and R(diode). Accordingly, the total Q factor of the antenna 
(Qt) will be extremely small. In this embodiment typical values are R(diode)=120R, 
L=5uH and C=27pF. This provides a total Q factor Qt-0.28. Hence the transient 
response of the antenna is no longer limited by its Q factor. 
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With changes in the series impedance of R(modulator) the steady state operating 



condition of the circuit can be expected to change with a commensurate change in the 
DC capacitor voltage. A change in operating DC voltage represent a change in the 
energy stored in this capacitor. The larger the capacitor value the greater the amount of 
5 energy required to change its voltage. In prior art systems the antenna voUage must 
track the DC voltage and the inertia of the DC storage system severely limits the 
maximum data rate. The maximum slew rate of the DC voltage, d(Vdcydt, is given as 
follows: 



This change will take on the order of tens of microseconds or longer. Once this is 
appreciated it becomes clear why the prior art arrangements have inherently low data 
rate limitations. More particularly, to operate effectively the prior art modulation 
switching rate had to be less than the DC slew rate limit. In contrast, the preferred 

15 embodiments of the invention described herein accommodate a modulation switch rate 
greater than this same limit. 

The modulator switch SWl is operated at a high frequency, spending only a 
fraction of its time (typically 50%) open and the balance closed. Consequently, the 
modulator resistor presents an average resistance (typically 50%) of its actual value to 

20 the circuit. As switch SWl opens and closes the DC voltage across the capacitor Cdc 
remains essentially unchanged because of the decoupling action described above. Over 
time, however, the circuit will move to a new steady state operating point commensurate 
with this average resistance value. Accordingly, in these embodiments there is a lower 



d(Vdc)/dt=Cdc/Idc 



10 



=Cdc.R(chip)A/^dc 



(10) 
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limit on the switch rate which must be faster than the response time of the DC capacitor 
voltage to the change in series impedance. An example of typical values of components 
are Cdc=l OnF, R(modulator>=120R, Vdc=3.3 V and Idc= 1 mA. These provide a slew 
rate of 1 Ous which implies a minimum switch rate greater than lOOKHz. 
5 From this steady state condition, closure of the switch will cause the DC storage 

capacitor to clamp the peak antenna voltage to Vdc. Conversely, opening the switch will 
increase the peak antenna voltage by V(modulator,t)=R(modulator).I(diode.t). The peak 
rectifier current, that is, MAX I(diode,t) is roughly eight to ten times the average DC 
load current. Therefore, the maximum modulator voltage MAXV(modulator,t) is given 
g 10 by: 

hi MAXV(modulator,t)=8.R(modulator).Vdc/R(load) (11) 

For typical circuit values of Vdc=3.3V, R(load)=3K3R and R(modulator)=120R. then 
MAXV(modulator)=0.96V. 

: i i 

5J The dynamic load seen by the timed circxiit is the series resistance of 

15 R(modulator) and the rectifier dynamic impedance (typically R(diode)=lV/8mA=120R). 
Therefore R(modulator)H-l V/8mA-240R. The DC storage capacitor is an effective AC 
short circuit. For typical values of L=5uH, C=27pF and R(modulator)+lV/8mA=240R 
then Qt=0.55. That is, the antenna's transient response is not be limited by its Q factor, 
hi effect, the peak voltage across the antenna will instantaneously move to the new peak 
20 value. 

Figures 8(a) and 8(b) show embodiments of the invention where the series 
resistance is modulated by an RF sub-carrier. The RF sub-carrier is amplitude 
modulated onto the antenna. Figure 9(a) and 9(b) show embodiments of the invention 
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where data is modulated onto the sub-carrier. Data imposed on the sub-carrier (as sub- 
carrier modulation) is then transmitted from the antenna. The preferred method of sub- 
carrier modulation is PRK because it does not produce any change in the circuit's DC 
operating point. The sub-carrier frequency can be derived from any source. In the 
preferred embodiment it is derived by division of the excitation field's frequency. Most 
preferably, however. The sub-carrier frequency is faster than the maximum slew rate of 
the DC storage system, where that slew rate in the present embodiment is given by: 

d(Vdc)/dt=Cdc.R(chip)A^dc (12) 
A wide range of sub-cairier frequencies is accommodated by this embodiment. 
For example, in one form the sub-carrier frequency is as high as 50% of the excitation 
frequency, while in other forms that sub-carrier frequency is as low as a few percent of 
the excitation frequency. As will be appreciated, the low frequracy limit is effectively 
imposed by the DC storage capacitor slew rate. 

Figures 10(a) to 10(g) show various voltage waveforms and spectra that provide 
ftirther assistance in understanding the operation of the embodiments of the invention 
illustrated in Figure 8 and Figure 9. As shown, with the opening and closing of the 
modulator switch, the anterma voltage effectively mstantaneously follows the switch 
action. The relationship between the switch closures and the anterma voltage is shown in 
Figures 10(a) and 10(b). The anterma voltage is amplitude modulated by the series 
impedance modulator at the sub-carrier frequency Fs. The spectrum of the anterma 
current will consist of the excitation frequency Fc and sidebands at Fc+Fs and Fc-Fs as 
shown in Figures 10(c) and 10(d). The sub-carrier has been frequency translated by 
amplitude modulation up to the excitation frequency. The sub-carrier may be modulated 
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with data, preferentially PRK because it does not disturb the DC operating point of the 
circuit. Figures 10(e) and 10(g) show the data spectrum modulated onto the sub-carrier 
which is then amplitude modulated onto the excitation frequency of the antenna. 

The modulated sub-carrier sideband currents generate a field which radiates off 
the antenna. The sub-carrier frequency should be greater than the circuit's DC settling 
time so as not to disturb the steady state operating point. Preferably also, for the 
embodiments of Figure 5(a) and 5(b), the sub-carrier frequency is less than the excitation 
frequency, hi the preferred embodiment the sub-carrier is generated by dividing down 
the excitation frequency. A large number of sub-carrier frequencies are available 
through the judicious choice of divider values. Thus by randomly selecting a divider 
value from an available set of divider values the transponder can choose a channel to 
transmit data on and consequently is capable of simultaneously identifying itself 
amongst a multitude of similar transponders. Such an arrangement is disclosed in 
Australian patent application no. 00469/88, the disclosure of which is incorporated 
herein by way of cross reference. 

Further to the advantage of being able to generate a high frequency carrier 
suitable for the transmission of data at high speeds, these sub-carriers are well away from 
the close to carrier phase noise in the excitation signal. Consequently, compared to the 
prior art systems, a receiver in accordance with the described embodiments of the 
invention will be able to detect a much weaker transponder signal because the excitation 
signal's phase noise does not interfere with the transponder's signal. 

Figures 1 1(a) and 1 1(b) show embodiments of the invention where the antenna is 
an untuned coil. In figure 1 1(a) a modulated series resistor is placed between the 
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antenna and the storage capacitor in the AC part of the circuit In Figinre 1 1(b) a 
modulated series resistor is placed between the antenna and the storage capacitor in the 
DC part of the circuit. Although both circuits produce the same transmitted signal the 
circuit of Figure 1 1(b) is simpler to implement because of the DC operating bias. Switch 
5 SWl represents modulation means for varying the impedance of series resistor Rs. For 
simplicity a switch is shown although in other embodiments alternative methods of 
achieving a controlled variable impedance are used. 

In embodiments where an untuned antenna is used the response rate is limited by 
the DC storage system only. Notwithstanding, the advantages of the series impedance 
1 0 modulator applied to tmied antennas still appUes. The voltage across the modulation 
resistor V(modulator) is given by: 

V(modulator)=R(modulator).I(diode) (13) 
and is generated by the rectifier current. This voltage adds to the voltage across the DC 
storage capacitor, and the instantaneous peak coil voltage follows the switch openings 
1 5 and closures. Provided the switch rate is significantly faster than the DC slew rate then 
there will be no change in the circuits DC operating point and hence no change in the 
energy stored in the DC storage capacitor. 

Figures 12(a) to 12(d) show various arrangement for modulating the series 
resistance. The switch shown in Figure 12(a) can be implemented by way of a FET or 
20 BJT switch as shown in Figure 12(b). Alternatively, the channel resistance of a FET can 
be used to create a specific switchable series resistance, and is illustrated m Figure 12(c). 
Figure 12(d) shows an arrangement where the value of the series resistance can be varied 
between two (or more) values. 
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The preferred embodiment of the invention will now be described in more 
general terms using the "Compensation Theorem". The Compensation Theorem is as 
follows: 

If the impedance of a branch carrying a current I is increased by AZ then the 
increment in current and voltage in each branch of the network is the same as 
would be produced by an opposing voltage AV=IAZ introduced in series with AZ 
in the same branch. 

A reference for this is given in "Electrical Engineering Circuits'* 2""* edition H.H 
Skilling, page 373. 

For an antemia with a rectifier and DC storage means, such as a capacitor, the 
peak antenna voltage is clamped through the rectifier to the DC storage voltage. In the 
prior art, changes in the antenna terminal peak voltage causes corresponding changes in 
the antenna current. This, however, can occtir no faster than the rate with which the DC 
voltage can slew, as has been discussed above. 

For modelling purposes the DC storage capacitor is replaced with a voltage 
source Vdc and the rectifiers with a fixed forward volt drop equal to V(diode). The peak 
antenna voltage will be clamped at Vdc-hV(diode). If the voltage source Vdc 
experiences a small step change dVdc then the peak antenna voltage will instantly 
follow, since it is clamped to it through the rectifiers. That is, Vdc->Vdc+dVdc. Figure 
13(a) shows an anrangement where the voltage source dVdc is in series with Vdc. 

Alternatively the same behaviour occurs if two separate voltage sources are used. 
Figures 13(b) shows such an arrangement where Va=Vdc and Vb=Vdc+dVdc. This is 
equivalent to causing an instantaneous change to the DC storage voltage in the prior art 
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system. However, this is impossible in practice as it requires an infinite impulse of 
power. 

The invention provides an alternative arrangement for achieving this same result 
by placing a voltage source in series with Vdc as shown in Figure 13(a). The effect of 
5 the modulator can be understood with reference to the Compensation Theorem, The 
modulator resistance R(modulator) with parallel switch closed is represented by a short 
circuit. When the switch opens the Compensation Theorem represents it as 
R(modulator) in series with a voltage source V(modulator)=I(diode).R(modulator). The 
transient response can then be fiilly described by considering this step voltage change 

10 V(modulator) in series with R(modulator) and the rectifier impedance. The DC voltage 
source Vdc is ignored. Since the antenna is being driven by a step appHed voltage 
source through a low impedance the antenna will be instantly driven to the new peak 
voltage as per the circuits of Figures 13(a) and 1 3(b). Figure 1 4 shows the circuit where 
the equivalent Compensation Theorem derived source is connected to the anteima. 

15 Figures 15(a) and 15(b) show two fiirther embodiments of a transceiver according 

to the invention where the modulated series resistance is placed in series with the 
anteima tuning capacitor. In Figure 15(a) the transceiver includes transponder circuitry 
which is connected across the anteima coil. In Figure 15(b) the transponder circuitry is 
connected across the tuning capacitor. In this manner only the resonant current 1^^ passes 

20 through the modulator. The current for the transponder's rectifier circuit 1^^ does not 
pass through the modulator to prevent the generation of high level spurious harmonics. 

Figure 16 illustrates schematically a preferred enibodiment of a tuned antenna 
according to the invention where the modulator is placed between the antenna coil and 
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the tuning capacitor. A coil L is tuned with a capacitor C. A modulated series resistance 
R(iroduiator) is placed between the coil and the tuning capacitor. The coil is excited by the 
interrogator signal having an AC voltage V^, as its resonant frequency. This causes a 
resonant current 1^^ to flow between the coil and the tuning capacitor through R(moduiator)- 
5 A voltage V(™,d„fator) appears across R<n,oduiator). where: 

V(modulator)~I^- I^modulator) (14) 

If R(moduiator) is modulated to a depth of AR(^„,,^,) then the change in magnitude 
of V(^duutor) is A V(^du,a^r) where: 

1 0 Switch S W 1 in Figure 1 6 represents a modulator that varies the impedance of 

series resistor R(moduiator)- For simplicity a switch is illustrated, however, and as would be 
appreciated by those skilled in the art, any means of achieving a controlled variable 
impedance can be substituted. In this embodiment the switch is modulated with a signal 
that is either a baseband signal or a carrier frequency with data modulated on to the 

1 5 cairier for transmission. Typically the carrier frequency is chosen in the range from a 
few hertz to thousands of times the excitation frequency. The preferred method of data 
modulation onto the carrier is Phase Reverse Keying PRK. The modulator SWl is 
switched so that it spends a fraction of its time (typically 50%) open and the balance 
closed. Consequently, the modulator presents an average resistance (typically 50%) of 
20 its value to the circuit at the resonant frequency. 

The envelope of the voltage across the antenna follows the openings and closures 
of the switch. When the switch is closed the antenna voltage is equal to the tuning 
capacitors instantaneous voltage and when the switch is open the antenna voltage is 
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equal to the tuning capacitors instantaneous voltage plus ^(jnoduiaioTy 

Figures 17(a) and 17(b) illustrate the electrical model of the invention at the 
tuned frequency and at a higher radio frequency respectively. 

This embodiment of the invention can be described in general terms using the 
"Compensation Theorem" described above. Using the Compensation Theorem it 
becomes evident that the modulator resistor can be replaced by an equivalent series 
voltage source AV^^^^^^^^^y and R(moduiator)- Under superposition the voltage source 
AV^moduiator) will causc a current to flow in the tuned circuit. The magnitude of 
is limited by the series impedance of the coil and capacitor combination and R(nioduiator)- 
The modulation current in the coil will transmit the modulation as a magnetic field. 
The strength of the transmitted signal is proportional to the magnetic moment which is 
given by the product of the coil current 1^^, the coil area and the number of turns. 

The tuned model of figure 17(a) shows the coil L, the coil's AC resistance r^c and 
the tuning c^acitor C. The modulation resistance has been replaced by the 
Compensation Theorem equivalent series combination of AV^^daiator) and R(nioduiator)- 
The magnitude of current l^^^ flowing in the coil is limited by the series impedance of 
the coil and capacitor combination, r^^ and R^moduiator)- 

In this embodiment R(xnoduiator) is modulated at radio frequencies (RF) and, as such, 
an RF model of the invention, as shown in figure 17(b), is used to analyse the circuit. At 
radio frequencies the tuning capacitor C is replaced with an RF short circuit and the 
coil's parallel stray capacitance Cg is added. Unlike the prior art circuits the tuning 
capacitor now has no effect upon circuit operation. Furthermore, for typical values of 
the series impedance of C^ is much higher than R^^duiator) and, consequently, this has 
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little or no effect upon the magnitude of the current l^od in the coil. I^^^ is now only 
limited by the coil impedance, r^c and R<moduiator)- 

For an RF frequency of around 3MHz some typical circuit values are as follows: 
R<moduiator) 10^; AR(nK)duiator) = 5Q; I^^, = 25mA; L = 250uH; r^^ = 25Q; Cs = lOOpF; and 
5 C = 5.6nF. Hence V^n^ui^tor) = 125mV and = 26.5uA. For a coil with 50 turns and 
an area of 80mm by 50mm the magnetic moment will be 5.3uA.tums.m^. 

Where a carrier frequency lower than the resonant frequency is used the 
compensation theorem still holds and the envelope of the coil voltage follows the tuning 
capacitor voltage plus V(n,oduiator)- Consequently, the current through the coil is 
10 modulated by R^moduiator) regardless of the carrier frequency. 

Figures 18(a), 18(b), 18(c) and 18(d) show various exemplary waveforms of the 
invention. Figure 18(a) shows the coil resonant current lac- Figure 18(b) shows the 



f{\ magnitude of R^jn^j^uiator) when modulated with a carrier frequency higher than the 

W 

resonant frequency. The nominal change in R(x„oduiator) is between 0 and R(nioduiator)- 



15 Figure 18(c) shows the magnitude of the voltage across the modulation resistance. The 
phase of the carrier frequency is varied 180 degrees at the zero crossing of I^c to 
compensate for the sign change in lac consequently, there is no phase change in the 
ciurent I^^d. The envelope ofl^^^^ is modulated by I^c and resembles a fiill wave rectified 
sine wave. Figure 18(d) shows the magnitude of the voltage across the modulation 

20 resistance where the resistance has been scaled to compensate for the variation in the 
magnitude of I^c. The magnitude of R(n^uiator) be varied in discrete steps or 
continuously over each half cycle of I^c to effectively waveshape T^^^. If the carrier 
frequency is lower than the resonant frequency then waveshaping to compensate for the 



wo 99/39450 PCT/AU99/00059 

-29- 

envelope ofl^ is not necessary. 

Figures 19(a), 19(b), 19(c), and 19(d) show typical frequency spectra associated 
with Figures 18(a) to 18(d). More particularly. Figure 19(a) illustrates the spectrum of a 
full wave rectified version of the sine wave current I^c- The fiill wave rectified signal has 
a DC component and substantial even harmonics in its spectrum. Figure 19(b) illustrates 
the spectrum of the higher frequency carrier that has already been modulated with data. 
Figure 19(c) illustrates the spectrum of the resulting voltage across R(nK>duiator). The data 
spectrum has been modulated on to the spectral lines of the full wave rectified spectrum 
of lac translated in frequency up to the carrier frequency. When waveshaped, the 
extra harmonic sidebands are suppressed as shown in Figure 19(d). Simple four step 
shaping of R^j„oduiator) will suppress all the sidebands to less than -20dBc. 

Figures 20(a) to 20(d) show various modulators for varying the impedance 
^(modulator)- Th® simplc switch shown in Figure 20(a) is, in different embodiments, 
implemented differently, as required. By way of example, the switch, in some 
embodiments, takes the form of a FET or B JT switch as schematically illustrated in 
Figure 20(b). Alternatively, Figure 20(c) illustrates how the charmel resistance of a FET 
is used to create a specific switchable series resistance. Figiare 20(d) shows an 
arrangement where the value of the series resistance is varied between several values to 
allow waveshaping of the amphtude ofV^^^^^^y 

Figures 21 illustrates in more detail the circuitry for another embodiment of a 
transceiver according to the invention. In this embodiment the transponder circuitry is 
coimected across the capacitor to minimise the spurious harmonic levels. A comparator 
is connected across a sense resistor to sense the zero crossing of I^c- The phase of the 



wo 99/39450 PCT/AU 99/00 059 

-30- 

carrier is reversed on the zero crossings by XORL The carrier is generated in the carri( 
generator. If a high frequency carrier is required then a PLL multiplier is used to 
multiply up the resonant frequency. Alternatively, if a lower frequency carrier is 
required then a divider circuit can be used to divide down the resonant frequency. 
Processor circuitry generates the transponder data message which is used to PRK 
modulate the carrier frequency in XOR2. If required, waveshaping of the transmitted 
current is done by a multi-level modulator as shown in Figure 20(d). 

Figures 22 to 25 illustrate an embodiment of the invention applied to a baggage 
handling system. The transponder is encased with a two part foldable label which is 
mounted to a piece of baggage: As shown, a convenient moimting point for the label is 
the carry handle of the baggage. 

One piece of the label includes the transponder which is in the form of a board 
mounted circuit. That is, the required components are mounted to a circuit board and 
interconnected to allow operation. Accordingly, the transponder is easily retained on the 
baggage, and also easily removed, as required. When a piece of baggage passes a check 
point it is also passed through an interrogating signal which, in turn, causes the 
generation by the transponder of a response signal. This signal is received by the 
checking station and allows subsequent automatic redirection of the baggage to one of a 
plurality of predetermined holding areas. 

As described above, the preferred embodiments of the invention offer may 
advantages over known systems. Of particular advantage, however, is the removal of the 
inertia of the storage means and, as such, a removal of the imposition of high speed data 
onto the anterma. 

Although the invention has been described with reference to specific examples it 
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will be appreciated by those skilled in the art that it may be embodied in many other 
forms. 
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